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puted from "PMR data" and has the interpretation of the O/E ratio on an assumption much more attractive than that required with the PMR.
Background: origin, structure and interpretation of the PMR Example. Consider the data in table 1. Of 18 deaths among rayon workers 45 to 54 years of age, nine were due to coronary heart disease (CHD), while in the general population of the same age category CHD accounted for 18,473 out of a total of 116,381 deaths. It is desired to compare the CHD death rate among the exposed (rayon workers) with that of the nonexposed (general population)-or the observed number of CHD deaths among the exposed with the number that would have been expected, had the rate of the nonexposed prevailed among the exposed. But the size of the rayon worker population 45 to 54 years of age is unknown, and therefore the pursuit of the O/E ratio is replaced by the observation that the proportion of CHD deaths among all deaths is 9/18 = 50 per cent among the exposed as against 18.5/116 = 16 per cent among the nonexposed. The corresponding proportionate mortality ratio (PMR), 0.50/0.16 = 3.1, exceeds unity and suggests higher mortality from CHD among the exposedunless other mortality is lower among them.
In more general terms, using the notation in table 2, the interest is in the rate ratio RR = (1) for a particular cause of death. For the exposed, the observed number of deaths is a, and the corresponding expected number is (b/N 0 )N l . Therefore the RR of interest equals the observed-to-expected ratio:
This statistic cannot be computed in instances where N,orN n is unknown. However, if for some other cause(s) the numbers of deaths for the exposed and nonexposed are known (c and d, respectively), then it is possible to compute their mortality proportions a/(a + c) and 6/(6 + 
Thus, the PMR can be interpreted as the O/E ratio on the condition that (a + c)/N,
, that the sum of the mortality rate of interest and the rate for the auxiliary mortality is the same among the exposed as among the nonexposed (5).
On the other hand, the qualitative correspondence of PMR > 1 (PMR < 1) implying O/E > 1 (O/E < 1) is seen to require only that c/N, = dINo, i.e., that the rate of the auxiliary mortality be the same for the exposed as for the nonexposed (6).
Critique of the PMR
The above review brings out two problems with the PMR.
First, the PMR is not a quantity of intrinsic interest. Instead, it is invoked as a surrogate for the desired O/E ratio in the context of a certain deficiency in the data (lack of denominator information). In general, a limitation in the inferential setting should not result in the invocation of an ad hoc parameter, particularly not an unattractive one. Instead, a measure of inherent interest should still be pursued, with the deficiency in the setting compensated for by the manner in which the available data are used, by the use of collateral information, and/or the invocation of suitable assumptions.
Second, as a surrogate for the O/E ratio, the PMR has the drawback that the assumption on which it equals the O/E ratio is very unattractive: the difference in the mortality of interest (a/N, vs. b/N 0 ) must be counterbalanced by an opposite difference in the rates for deaths from the auxiliary cause(s) (c/N, vs. d/N 0 ). This assumption is reasonable only when the cause of interest is very rare relative to the auxiliary cause(s), in which case it is tantamount to the lesser assumption of c/JV, = d/N 0 .
Related to this latter problem-or a rephrasing of it-is the dependence of the PMR on the completely extraneous matter of how common the auxiliary cause(s) of death is (are) relative to the cause of interest. As an illustration of this, consider again the data in table 1. If we had included only one-third of all the "other" causes of death (by considering, say, cancer deaths only), the PMR would have been (9/(9 + 9/3))/(18.5/(18.5 + 116/3)) = 2.3, instead of the original value of 3.1. Such extraneous determination of the magnitude of the PMR raises a serious question as to the utility of this parameter from the quantitative point of view.
An alternative statistic: structure
and interpretation Given the problems with the PMR, one must ask whether the kinds of data from which a PMR is computed permit the computation of some other statistic-such that it can be interpreted as an O/E ratio under a more readily tenable assumption than that required by the PMR.
Instead of taking the ratio of "proportions" of the cause of interest (PMR; formula 3), we suggest the consideration of taking the ratio of the odds for the cause of interest. For the exposed, the empirical odds are ale (table 2) , and, for the nonexposed, they are bid. Thus, the empirical mortality odds ratio (MOR) is MOR= ±l±. An alternative formulation of our suggestion is to consider the ratio of the exposure-odds for the cause-of-death of interest and for the other causes. The empirical values are alb and eld, respectively, so that the empirical exposure-odds ratio (EOR) is (6) As for the interpretation of these statistics, it is apparent from the above definitions, together with formulas 1 and 2, that
Thus, if the rate (incidence density) for the "other" (auxiliary) causes of death is the same for the exposed as for the nonexposed (c/iV, = d/N 0 ), then the MOR equals the rate ratio (incidence-density ratio (7), IDR)-and, thereby, the O/E ratio. This interpretation can be derived also by adopting the viewpoint of a case-referent study: the totality of deaths from the cause of interest, combining the exposed and nonexposed domains, can be thought of as a case series; and all the "other" deaths can be thought of as a reference series for the cases-if exposure is not a risk indicator for death from those "other" causes. On this condition, it is known (7) that EOR = IDR, i.e., EOR = O/E. In fact, where the auxiliary causes of death are regarded as comparable with the cause of interest-in the sense that the exposure status is not a risk indicator for themthe EOR has already been used in lieu of the PMR by some epidemiologists (8, 9) , with its usual epidemiologic interpretation of the IDR (9) .
Relative Merits of the PMR and the MOR (EOR)
In the absence of "denominator-data," the MOR (EOR) is just as computable as the PMR is.
As a parameter in itself, the MOR, or the EOR, is no more, or less, attractive than the PMR. However, the EOR is well familiar as the object of direct estimation in case-referent studies (7); it is not an ad hoc parameter constructed for the case of "numerator-data" of the sort that has given birth-and longevity-to the PMR.
As to interpretation, the MOR (EOR) has the quantitative interpretation of an O/E ratio (MOR = O/E) on the assumption that only makes for qualitative correspondence in the departures from null values between PMR and O/E (PMR > 1 implies O/E > 1; PMR < 1 implies O/E < 1)-the assumption that the exposure status is not a risk indicator for the "other" (auxiliary) causes of death (in the aggregate). This represents a distinct advantage for the MOR relative to the PMR-particularly since the condition on which PMR = O/E is so unlikely to be satisfied.
It is to be borne in mind also that the MOR is independent of the extraneous matter of the size of the domain of the auxiliary causes of death while, as already noted, the PMR is not. This point is important when the auxiliary causes of death are not much more common than the cause of interest-a circumstance that is quite likely to arise when the auxiliary causes of death are chosen in a thoughtful manner (vide infra).
CONCLUSION
The above analysis exposes serious drawbacks and reveals no advantages for the PMR relative to the proposed mortality odds ratio (MOR) or, equivalently, the exposure odds ratio (EOR). Therefore, it is our suggestion that the MOR (EOR) replace the PMR in all situations in which the latter might be used.
Extension to standardized MOR
Given that the MOR (or EOR) is to replace the PMR in principle, there is a need to consider its application in the context of taking account of covariates such as age, i.e., when the O/E ratio is standardized-i.e., when it is the SMR.
MIETT1NEN AND WANG
For the standardized O/E ratio (SMR), which usually is associated with follow-up studies and general mortality or morbidity studies, a computational procedure to be followed in case-referent studies has been introduced (10) . The latter type of computation is applicable in the present context as well, since, as discussed above, the viewpoint of case-referent studies can be used in the analysis of "PMR data." Following those principles (10), the (internally) standardized MOR is taken as sMOR= (8) where the subindex refers to particular categories of the covariate(s). This measure has the interpretation of SMR (internally standardized O/E ratio) on the condition already noted, namely that the covariate is not a risk indicator for the auxiliary causes (of death) that are used in the analysis.
Again, no such interpretation can be accorded to any standardized PMR.
Epilogue
Whereas the thrust of this article has to do with the analysis of "PMR data", it underscores, secondarily, the importance of applying, more expressly than in the past, the principles of case-referent (casecontrol) studies in the design of "PMR studies." In fact, these studies can (8, 9) and should, be viewed as case-referent studies.
The main design implication in this spirit is the need for a careful choice of the auxiliary causes of death-the reference series. In particular, they should be confined to causes that are unrelated to the exposure (11)-not only in the sense of causation but also in terms of "selfselection" for the exposure and the diagnosis and certification of the underlying cause of death. There are advantages to a deliberate choice of a few auxiliary causes instead of the usual practice of considering all "other" causes (possibly with a few deliberate exclusions). Such selectiveness of inclusion not only facilitates judgements on the tenability of the core assumption but also provides, to some extent, for its testing-by comparisons of their respective exposure rates.
